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Heart valve prosthesis, comprises, a frame which has a 
generally circular base, arid carries triaxially woven fabric 
elements to function as leaflets during operation of the valve . 
The fabric comprises three angularly displaced sets of yarns 
(X, Y, Z) , as parallel interwoven courses supporting one 
another against slippage along the courses. 

Pref. the fabric comprises elastomerjc yarns embedtted jn n 
polymeric matrix. Specifically two yarns are polyurethane and 
the thTrcTis high strength polyester. 

ADVANTAGE 

The leaflets bend easily and resist the strain of blood 
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TR1AXIALLY WOVEN FABRIC FOR HEART VALUE 



The invention relates to a heart valve pros- 
thesL halg .ea.lets made of a triaxia.ly woven 

,abr Heart valve prostheses are widely used to re- 
p,ace neural heart valves in patients suffering from , s 
heaTdtease. Such heart valve prostheses may*- 
comP rf leaflets made of a variety of t,ssue ma 
Tals or synthetic fabrics. Suitable ^ ^ 
fnr pyamole disclosed m U.S. Patent ino*. 
3 66 loi and 023.358 and suitable synthetic fab- >o 
•cs t U S Patent No, 4,192.020. 4.340.091 and 

4 - 61 The 88 hea rt leaflet fabrics must satisfy many 
, Thev must have mechanical properties 
^mbtglhosernatura, leaflet tissue, and they .. 
musTbe biocompatible and resistant to blood clot- 
ting and mineralization. There is therefore a con- 
stant search for new fabrics with improved proo- 

"^Iccording to the invention, a heart va.ve pros- 20 
thesis is provided comprising a- frame having a 
gene a"y Ocular base defining the circumferen tia. 
Section of the prosthesis, and means extending 
Tm said base and defining the axia. direction 0 
Tprolsis. said means *^**Z*£ " 
triaxially woven fabric elements such that sa.d ele- 
rnts Lotion as heart valve leaflets during opera- 
Tn of the valve, said fabric having three angularly 
Solaced sets of substantially parallel courses of 
vin nirwoven to prevent slippage of at le** one so 
yarn course along . any other yarn course The 
SLdaHy woven fabric of use in the invention ,, 
described in US. Reissue Patent 28.155. 

Figure 1 shows a heart valve in perspective ^ 

Vi6W ' Figure 2 is a sheet in which only a portion of 
th« triaxial weave is shown. 

Rgure 3 is the sheet of figure 2 formed into 

3 ^"^ure 4 is the cylinder of figure 3 formed <o 
into a three leaflet heart valve shape. 

Figure 5 is a heart valve leaflet formed from 
the cylinder of figure 3 wherein one yarn coursec 
s Rented in the circumferential direction and two 
In courses r are oriented substantially at 90 <s 
dearees to all edges of the heart valve frame. 

9 Figure 6 is one embodiment of a b,pla.n 
triaxial weave. 



The heart valve prosthesis of . use in the inverv- 
tion^aV-be any prior art valve capable , of support- 
ing leaflet tissues made of natural or synthetic 
materials The prosthesis of the invention com- 
bes a frame having a generally circular base 
^Vd^toientia. direction of the pros- 



thesis The frame is madeof. a biocompatible sy n- 
he c ceramic or metal material. Synthetic frame 
SrSde pyrolytic carbon. and^enc 
trials such as Oelrin which is a polyacetal res- 
T^lelS and softer polymeric materials such 
S-SSS polyurethane. Although 
n,^Nr-fflust have some stiffness to allow for free 
b^dTow materials softer than metal are suitable 
a f^me materia.. Examples of suitable b,ocom- 
patibrmetals are titanium and cobalt-chrom.um- 
molybdenum alloy such as Vitallium®. 

The means extending from the , generaUy ^ or 
rular base and defining the axial d.rection of the 
may comprise a plurality of spaced 
membe Suable heart valve prostheses hav.ng 
Three such spaced members supporting three heart 
Se leaflets are for instance disclosed in U.S. 
Patents 4.629.459. 4.340.091 and 4191.218. 
BHeaflet valves are also suitable in practicng the 

^Rgurc 1 illustrates one specific embodiment of 
a suitable heart valve prosthesis as d.sc.osed in 
above U.S. Patent 4.629.459. The P'°*h e s.s h as 
mree heart valve tissue leaflets 12. a stent assem- 
bly 1 4 having a plurality (three) of spaced am- 
bers 16 and a suture or sewing ring frame 18. 

The three heart valve leaflets 12 are made of a 
triJally woven fabric, an embodiment of which -s 
S in figure 2. as part of a sheet 0. such fabric 
The fabric has three yarn courses x. y and z The x 
varn courses are woven over the y yarn courses 
Z u'der the z yarn courses, the y V-"""^ 
are woven over the z yarn courses and under the x 
vam courses, and the z yarn courses are woven 
: x and under y. The embodiment in figure 2, 
the most simple triaxially woven fabric Many van 
ations are feasible as disclosed in above Reissue 

28 '7n 5 figure 3. the edges of the sheet in figure 2 
are brought together and kept in place by known 
Shn ques such as sewing, or ultrasonic weld.ng in 

Te case °< a s * nthetiC taMC - UtraS ° mC ' 
. results in seam 20. 

Rgure 4 shows the cylinder of figure 3 after 
draping over spaced members 16 of stent 14 and 
s aping * the form of heart valve leaves which w» 
be attached by known means to members 16 and 

Sten pr 1 e 4 ferab.y. the cylinder is draped over the 
heart vile prosthesis such that one set of parallel 
yam courses is oriented substantially in the arcum- 
erentia. direction c of the orosthes.s and the othe 
two sets of yarn courses are oriented in radial 
reckons r Jnearly 90' to all edges of the heart 
valve member 16. Such orientation results in a 
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<»° - y stretch .s^Z^T ™ s 
construct/or, S in Ce in this Zl ^ V3 ' Ve ,ea «et 
b,e *" the flow Mecton °" ' abr ' C is f,e *<- 

bend open easi, y fonow" 9 ' eaf,ets «° 

-'ve. .nereas th'e f ^ ^ '""ugh the 
"*< direction strengthen no thl? , 6 Circumf eren- 
s *ain of blood flow t h" 9 h ' ea " etS to re s<st the 
teaflets are open. 0U9h the ^ once the 

The two wav sfro^h 
a ^component triaxfa^ ff^ * US "9 

yam set is made of one oaZ , ° Wherein or| e 
0 < h er two yarn sets °£ Pa "' c *» ™teria, and the 

Advantageous,/ " hlh t ° f 3 d,fferent ca- 
used for orientation in L ? St ' ength ma ^iai is 

** an elastomer^ : a e^ Umfe ; entia ' direction 
,n the two radial direc^o ns d ° rientat '"°" 

s "ch as ceramic, silicon cLT mrganic m **™ 
0r a synthetic materia, s 'h 8 " Staintes li^' 
Powers. E^^^J^^^W^^ 

are crystalline. httJ"J5? T Stren 9 tn «bers 
Oacron®. whiC h if the ' fl ? /'^ SUCh a s 
terephthalate. ultra high 17?**' ^ethylene 
«evlar®. which „ such as 

f *ers. ultradrawn polyps r^'r^' Ca ' b °" 
"ers such as VactSTJS ^ ^ P0,y - 

a <-^^^^ 

/Hock copolymers, for examnif ^ P0,ymers °' 
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^ -to su'chTs c 

0, f f,ni 'c Polymer bleno I hard " Which is an 

ral 0^ synthetic rubber or , ? P °' y0tefin ' 

HWre,® and Dacron® c Tl tZ? hr °*amp, e , 
Polyethylene. Hytrel ® and ultradrawn 

b ™ad ,imit s . e.g. from l e Ts th 'n i™ 9 '" 9 
-oven fabrics to about 33 J* for 

febncs. By area porositv t l! ° r 0pen we ave 
^bric pores Lded bv th ^ the area of 
fabric - multiplied by ,00 ;" h « ntire ^ ° f »» 
9onera,,y are stro y ^fMy woven fabrics 

a»ow for growth of new naS t Pe " Weave fabri cs 
Pores of , he fabric f ' SSUe ■* around 

construction as extens ivelv „ ° f Waxia ' we ave 



figures 6 and 7 Th* u 

"oriental yarn co^^tr' * 6 *« 

^nder two sets of yarn cour J " b ° th 0ver and 
, ^o sets of two yarn ! s ' * 7 - 
5 total of three yarn coJsTs 1 ^ ° Ut 0f 
"nder two sets of the r*L W ° Ven 0ver and 
Other b ip/ajn weave conZr'" 9 yam Course *• 
to 'hose sxilted in the " et W "' 06 ^ent 
o'P'ain weaves provide 9 ^ ^^"^ the 

'° greater dimensional stably ^ th6ref ° re 

«" a triaxia, fabric. A wide " n . f ^ C ° UrSes 
may be emp, 0yed 9Q ro m ?f °' fiber diame tor 
' s ' 2 9/cm3 dens y ity 1%'™ \ 5 denier (0.024 mm at 
8*m3 density) u y) J 0 500 < W (0.28 mm „ o g 

9/cm3 density ,^70 In ° ( ° ° 65 mm at 1.0 
9/cm3 density"; 11 (ab ° Ut 01 ™ at , 2 
2o «ber HM^*iJS2> « ' a ; 99 eXtent - the 
20 a high strength materia, and Z V**'* ^ 
e tor are made of a tow stl ^ ° f ,ar " r dia «> 
torial. Accordingly tiohTv !?T e ' asto ™«c ma- 
-ade of relatively ^^1" *** - USUa » y 
open weave fLi CS ' ' 9,h materia,s wn ereas 
25 e'astomeric materials USUa " y ma de of 

^SS'^ -ave fabrics \ 

venientiyrsllc-h pSymer a " P0,ym - er - Con- \ 

3o of the types disclose, a b 0 ve ^ po,y ™r i 

3 ° materials of use in thfn * [r ^ pect to «ber ' 
fabrics. Among th ese eLT™ ^en 
urethane. is a preferL me " C P0,vrne ^ Poly- 

3s solving ,he part^aTelStom. ^ Ve0t CaPab ' 9 of di '" 
35 employed, in genera, P °' ymer m ^ be 

^'vent depends on L^v °' C6 °' a part '^'ar 

^red concentratton^theror' 68 SUCh 38 tn * 
and the motecuiar weight o7t£ oT ^ S °' Vent 
of Polymers used Alternl, P , 0,ymer or fixture 
* elastomers may £" aD ^ f:" at,ve ' y - tnermoplastic 
solvent. ,n any event r^ * me,t """out a 
'eaflets with a ^ po,yme r^ e,T,9nt ° f heart va ' v e 

^se sk i„ ed In lzzztl: t known 50 that 

m<ne the proper app,ica« or I * ? ** can d etor- 

The diameter si'e If a d ' t,0nS - 
wne ther the triaxia, weal^'" a ' S ° depend s on 
^component or tricomponenl 8 , m0nocorn P°"ent. 
Ponent triaxial weave T 3 mon °oom- 
courses are a,, made of ™ sets of yarn 

50 D| component weave as mZr materiar a 
*» three sets of yarn co u l s T ^ ^ of 
material. A)( ^ a ™ made of dmerent 

of a d iffe rem materia^ Z " C ° UrSeS made 
(t should b clear that a min COm P° n ent weave. 
* elastomeric fibers nl £°? com »»~* weave of 
e tors for necessary^ IZT t ^ dia - 
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EXAMPLE 



A trivially woven Dacron fabric of 440 denier 
yarns supplied by Gentex Inc. was cot with an 
u t a onic trim knife into one inch (2 54 cm, wide 
bv 5 inch (12.7 cm) long pieces of fabr.c with fibers 
x V o Fig oriented in the long (5 inch) direct,^ 
The u.uasonic knife sealed the fabric along the 
cuts making the fabric more stable to .hand > and 
preventing unraveling at the edges^The cut pece 
of fabric was welded into a cylinder (F,g. 3) by 
inserting the fabric into a cutting template and 
joining the short edges of the fabric by "elding. 

The fabric cylinder was slipped over a 29 mm 
.onescu-Shiley valve frame of the type shown m 
Figure 1 supplied by Shiley Inc. (Irvine. 3al forma) 
such that the seam of the cylinder aligned with one 
o the valve members 16. The fabric cy nder -was 
pinched with homostats to shape the cyl.nder into 
coapting valve leaflets (Fig. 4) on the valve frame. 
The exposedparts^f Jh^ab^ 
edwltfi^ol^ 

supplied'under the name Pellethane®, in d.methyl- 
orma-ide solvent, and were allowed to dry unde 
ambient conditions. After app.icat.on of two layers 
/ of polyurethane. the hemostats were removed and 
/ L entire surfaces of fabric and valve frame were 
' boated with successive layers of polyurethane by 
oainting and drying steps. ' 

The resulting valves were completed by sewing 
on the sewing ring frame (18 in Fig. 1) and by 
sewing the fabric to the valve members (16 in F.g. 

1). 
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4 A prosthesis according to claim 1 or 2^ 
characterized in that said yarns are made from 
elastomeric material. 

5 A prosthesis according to cla.m 1 or 2. 
characterized in that one of said courses of yarn is 
ma^e of a materia, different from said other two 

^JSa* according to claim 5. character- 
ized in that one of said courses of yarn .s oriented 
inlhe circumferential direction and is made from 
higHtrength yarn, and said two remaimng courses 
of N/arn are made of elastomeric yarn. 
° 7 A prosthesis according to Cairn 6. character- 
ized in that said high strength yarn is made o 
polyester, and said elastomeric yarn .s made of 

^TCosthesis according to c.*m 1. character- 
ized in that each of said courses of yarn is made of 
a different material. 

9 A prosthesis according to any one of claims 
1 to 8. characterized in that said heart valve leaflets 
are made of one sheet of said fabric. 

To A prosthesis according to claim 9. char- 
acterized in that said sheet is in the form of a 
cySder draped over said means, which means 
comprises three spaced members. 
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Claims 

1 a heart valve prosthesis comprising a frame 
having a generally circular base defining the cir- 
cumferential direction of the prosthesis. < jndn-an. 
extending from said base and defining the ^axia 
direction of the prosthesis, characterized in that 
means supports a plurality of tnaxial.y woven 
fabric elements such that said elements func . on as 
heart valve leaflets during operation of the vahw. 
said fabric having three angularly displaced sets of 
substantially parallel courses of yarn interwove to 
prevent slippage of at least one yarn course along 
any other yarn course. 

2 A prosthesis according to claim 1 or i, 
characterized in that said fabric of elastomeric 
yarns is embedded in a polymeric matrix. 
V 3. A prosthesis according to claim 1 character, 
ized in that said courses of yarn are made of the 
sal material, one of said courses of yarn being 
oriented in said circumferential directs of said 
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